Brain ultrasound is widely used for the screening of prematurely born babies. Although the best imaging modality for the central nervous system anomaly is brain MRI, the first imaging study in the post-natal period is brain ultrasonography in most cases. Anomalies could be found incidentally on screening ultrasound, or in those cases already suspected on prenatal ultrasound. In order not to miss congenital structural abnormalities of the brain on screening ultrasound, systematic approaches would be very helpful. The ventricles and sylvian fissures are very important structures to suspect central nervous system anomalies: they are symmetric structures so we should look for any asymmetry or maldevelopment. And then, on sagittal images, the midline structures including the corpus callosum and cerebellar vermis should be observed carefully. Finally, we should look for any abnormality in gyration or cortical development. Skull defect with herniation of intracranial contents, a spectrum of encephalomeningocele, could be alsoidentified on ultrasound. Congenital infections such as cytomegalovirus infectionmay showventriculomegaly and malformation of the cortical development on imaging studies.
Introduction
Brain ultrasound is a very useful initial screening modality for evaluating the neonatal brain, especially in premature infants who are under increased risk of intracranial hemorrhage [1] . Brain magnetic resonance imaging (MRI) is the best modality of choice for the diagnosis of congenital structural abnormalities. With the aid of highend ultrasound scanner, the brain structures including the cortices have become more clearly seen on ultrasound, so it can make us identify more subtle changes to suspect congenital structural abnormalities. Routine coronal and sagittal images are used for detecting congenital structural abnormalities; sometimes, a scan through the mastoid fontanelle is required to better see the cerebellar lesions and the posterior fossa malformations [2] . Stepwise approaches from the ventricles and sylvian fissures to the midline structures and cortical gyri would be very helpful for the personnel who perform head ultrasound daily to suspect any congenital structural abnormalities of the neonatal brain.
Ventricles

Normal ventricles
The lateral ventricles in most infants measure less than 2-3mm in diameter and appear slit-like or crescentic (fig 1) . Mild ventricular asymmetry is considered to be a normal variantwhich has been described in up to 90% of normal newborn infants [1, 3, 4] . It has been reported that the larger ventricle is more commonly on the left side [5] .
The frontal horns and body portions of the lateral ventricles are divided by the midline septum pellucidum. Cavum septum pellucidum and vergae begin to close at 6 months of gestation and almost 90 percent of them fuse by 2 to 6 months of postnatal period although they can persist into adult life. Practically, it is commonly encountered when performing head ultrasound in newborn period.
In many cases of congenital structural abnormalities, the ventricles are abnormal in shape and/or size with-symmetric dilatation (e.g. colpocephaly in callosal agenesis) or asymmetric distension (e.g. atresia of foramen Monro).
Congenital atresia of foramen Monro
Unilateral or bilateral occlusion of the foramen of Monro results in dilatation of the lateral ventricles. Other than congenital atresia, infections, vascular malformations, or neoplastic processes can also cause stenosis of the foramen of Monro [6] . In cases of unilateral atresia of the foramen of Monro, there is lateral ventricle dilatation on the affected side with normal third and fourth ventricles (fig 2) .
Callosal agenesis
The corpus callosum may be absent completely or partially: it may be either isolated or in association with other midline abnormalities. On sonography, the corpus callosum is absent with widely separated lateral ventricles and dilated posterior horns (colpocephaly) (fig 3) . The bundles of Probst indent lateral ventricles medially, resultant comma-shaped frontal horns. orly by the temporal lobe. On ultrasound, normal sylvian fissures are seen as symmetric and echogenic Y-shaped structures bilaterally on the coronal image ( fig 6) . Sylvian fissures in immature babies before 30 gestational weeks are wide and primitive with lack of gyration and sulcation.
Perisylvian polymicrogyria Polymicrogyria consists of abnormal disarrayed cortices and is known to be one of the most common malformations of cortical development [9] . Perisylvian cortices are most commonly involved usually in a bilateral symmetric manner. Typical imaging findings on MRI include thickened or over folded cortex, irregular cortical surface, and stippling at the gray-white matter junction. As a result, the adjacent ventricles and sylvian fissures appear dysmorphic in association with the widening of the adjacent extraaxial fluid space. These findings can be identified on head ultrasound as well ( fig 7, fig 8) .
Midline structures
Normal midline structures
Midline sagittal ultrasound reveals the corpus callosum, the third ventricle with the massa intermedia, the brainstem, the fourth ventricle, and the cerebellar vermis ( fig 9) . The cavum septum pellucidum and cavum vergae can be seen as a fluid-filled structure below the corpus callosum. The cingulated gyrus surrounds the corpus callosum which is a key structure for the diagnosis of callosal agenesis. Echogenic choroid plexus is seen along the roof of the third ventricle. Cisterna magna is located behind the cerebellum, normally measuring 3-8mm [1, 10] .
Agenesis of corpus callosum As mentioned before, there can be a complete or partial form of the agenesis of the corpus callosum. On the sagittal image in the complete agenesis, the cingulate gyrus is not present and the gyri appear in a radial fash-
Subependymal heterotopia
Subependymal (periventricular) nodular heterotopias are collections of nerve cells in theperiventricular regions due to the arrest of neural migration [7] . It can be either sporadic or familial. The classic form of bilateral periventricular heterotopia is most common and due to X-linked gene mutations. On ultrasound, the ventricular margins appear undulating with protruding nodules of isoechogenicity to the brain parenchyma ( fig 4) . The lateral ventricles may appear asymmetric and irregularly dilated.
Agenesis of septum pellucidum
The development of the septum pellucidum is closely related to the formation of the corpus callosum. Absence of the septum pellucidum may be associated with other anomalies including septooptic dysplasia, schizencephaly, callosal agenesis, etc [8] . Sonographic finding includes non-visualization of the midline septum pellucidum with a box-shaped roof of the lateral ventricles, which is best appreciated on coronal scan ( fig 5) .
Sylvian fissures
Normal Sylvian fissures
The Sylvian fissures are bordered medially by the insula, superiorly by the frontal operculum, and inferi- ion ( fig 10) . The midline cyst or lipoma can be associated with the callosal dysgenesis.
Dandy-Walker complex
Cystic malformations of the posterior fossa are actually a spectrum of disorders including the DandyWalker malformation, Dandy-Walker variant, mega cistern magna, and retrocerebellar arachnoid cyst [11] . The Dandy-Walker malformation is characterized by the classic triad: complete or partial vermian agenesis; cystic dilatation of the fourth ventricle; and the enlarged posterior fossa (fig 11) . In some cases, the cerebellar vermis is dysplastic or almost absent on the mid-sagittal image and the displaced cerebellar tonsil can be misinterpreted as the presence of the cerebellar vermis. Other CNS abnormalities such as the callosal dysgenesis or migration anomaly can be associated in a high percentage of this category. In the Dandy-Walker variant, there is partial agenesis of the cerebellar vermis and the posterior fossa is normal in volume with a less dilated ventricle. On ultrasound, a varying degree of vermian hypoplasia is seen with the free communication of the fourth ventricle and retrocerebellar CSF space through prominent valleculae, resulting in a "key-hole' appearance (fig 12) .
Mega cistern magna is a relatively common condition, in about half of all cyst-like posterior fossa malformations. Radiologically, the cistern magna is expanded with morphologically normal cerebellum and vermis ( fig  13) . Contrary to the mega cistern magna, arachnoid cysts show lack of communication of fluid cavity with the ventricle or subarachnoid space.
Chiari II malformation Chiari II malformation is complex involving the hindbrain and spine and is closely related to myelomeningocele [12] . As the normal cerebellum develops within abnormally small posterior fossa, the cerebellum is squeezed out of the posterior fossa. The medulla and cervical cord is stretched inferiorly, resulting in a "cervicomedullary kink". The fourth ventricle is small, compressed with a vertically elongated appearance. The tectum is also distorted with so-called "tectal beaking" (fig 14) . Imaging studies including ul- trasound are very important to evaluate Chiari anomaly and hydrocephalus as well as other associated CNS malformations.
Gyrus and cortex
Normal development of gyrus and cortex
Gyration takes place in the late pregnancy until term age. In the extremely premature infants with gestational age less than 26 weeks, gyration and sulcation are sparse and the whole brain appears almost agyric and lissencephalic [13] . Maturation process usually occurs in posterior-anterior direction with the occipital region first. As cortical development is on-going, the gyri become more folded and complex in appearance, marginated by thin hyperechogenic sulci. Any event which causes arrest in cortical development results in malformation of the cortical development including lissencephaly, heterotopias, polymicrogyria, schizencephaly, hemimegalencephaly, etc.
Lissencephaly Lissencephaly is also known as the agyria-pachygyria complex, representing smooth brain. In agyria, there is a complete absence of the gyri on the cerebral surface whereas a few gyri are presentin the pachygyria (incomplete lissencephaly). Band heterotopia is now considered to be a mild form of lissencephaly [14] . On ultrasound, lissencephaly shows a smooth brain surface with lack of gyration and sulcation, dysmorphic dilated ventricles with or without colpocephalic dilatation, and abnormally wide sylvian fissures (fig 15) .
Hemimegalencephaly
Hemimegalencephaly is characterized by the hamartomatous overgrowth of cerebral tissue confined to one cerebral hemisphere as the name implies. It consists of dysplastic tissue with malformations of cortical development in part or total of a cerebral hemisphere. It can be associated with epidermal nevus syndrome, Proteus syndrome, hypomelanosis of Ito, Klippel-Trenaunay-Weber syndrome, and other neurocutaneous syndromes [15] . The lateral ventricle is dilated on the affected side, which is one of differential points from a tumorous condition. Myelination may be accelerated in the affected brain which is best demonstrated on MRI. Ultrasound shows localized or diffuse enlargement of a cerebral hemisphere with dilated ipsilateral ventricles and abnormal broad gyri (fig 16) . 
Congenital Cytomegalovirus (CMV) infection
The most common organism for congenital CNS infection is cytomegalovirus and toxoplasmosis is the second most common cause. The age of the fetus at the time of infection is important: earlier infections affect organogenesis resulting in malformations while later infections cause destructive changes with calcifications [1] . Sonographic findings of congenital cytomegalovirus infections include ventricular dilatation with periventricular calcifications, subependymal cysts, and varying degrees of cortical malformations (fig 17) .
Skull defect
Encephalocele or meningoencephalocele is classified as a neural tube defect with herniation of the brain tissue through a defect in the cranium. Occipital encephaloceles are most common in the United States and Western countries while frontoethmoidal encephaloceles are more common in Asian. Lateral (or off-midline) cephaloceles can be found along the coronal and lambdoid sutures and they are thought toresultfrom secondary reopening of the neural tube. Ultrasonography may show skull defects through which the brain tissue herniates (fig 18) .
Vascular malformations
Vein of Galen malformation is one of the well-known vascular anomalies occurring in the midline posterior to the third ventricle. It is not a true aneurysmas it was traditionally referred to as, but an arteriovenous fistula [16] . On gray scale images, it appears as an anechoic lesion and the differentiation from the arachnoid cyst can be easily made by a color Doppler study. Dural AV fistula or other vascular malformations not in the midline can be identified on ultrasonography in cases where the lesions are large enough (fig 19) .
Conclusions
With the aid of high-end ultrasound scanner, more or more structural abnormalities can be depicted on screening head ultrasound. Knowledge of normal sonographic findings of ventricles, midline structures, sylvian fissures, and cortices can help us suspect congenital malformations in the neonatal brain before performing MR study. In this baby, there is also extensive periventricular leukomalacia in the both cerebral hemispheres.
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